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Purpose: In this study, the authors investigated the feasibility of a dual resolution volume-of-
interest �VOI� cone beam breast CT technique and compared two implementation approaches in
terms of dose saving and scatter reduction.
Methods: With this technique, a lead VOI mask with an opening is inserted between the x-ray
source and the breast to deliver x-ray exposure to the VOI while blocking x rays outside the VOI.
A CCD detector is used to collect the high resolution projection data of the VOI. Low resolution
cone beam CT �CBCT� images of the entire breast, acquired with a flat panel �FP� detector, were
used to calculate the projection data outside the VOI with the ray-tracing reprojection method. The
Feldkamp–Davis–Kress filtered backprojection algorithm was used to reconstruct the dual reso-
lution 3D images. Breast phantoms with 180 �m and smaller microcalcifications �MCs� were
imaged with both FP and FP-CCD dual resolution CBCT systems, respectively. Two approaches of
implementing the dual resolution technique, breast-centered approach and VOI-centered approach,
were investigated and evaluated for dose saving and scatter reduction with Monte Carlo simulation
using a GEANT4 package.
Results: The results showed that the breast-centered approach saved more breast absorbed dose
than did VOI-centered approach with similar scatter reduction. The MCs in fatty breast phantom,
which were invisible with FP CBCT scan, became visible with the FP-CCD dual resolution CBCT
scan.
Conclusions: These results indicate potential improvement of the image quality inside the VOI
with reduced breast dose both inside and outside the VOI. © 2009 American Association of Physi-
cists in Medicine. �DOI: 10.1118/1.3187225�
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I. INTRODUCTION

Breast cancer screening and diagnosis rely on the detection
and visualization of calcifications and soft tissue masses in
mammography. Microcalcifications �MCs�, tiny calcium de-
posit within the breast, are routinely searched for as early
indicators of breast cancer. The sizes of MCs vary, ranging
from several millimeters to less than 100 �m. They can be
presented as either an individual or a cluster. When five or
more MCs are detected in a volume of 1 cm3 they are de-
fined as a cluster of MCs.1 The size, shape, and number of
MCs in a cluster are examined for cancer detection and di-
agnosis. Thus, improving the detection and visualization of
the MCs is very important in breast cancer screening and
diagnosis. Currently, mammography is the primary method
used for breast cancer screening. However, a major limita-
tion of mammography is overlapping of breast tissue struc-

tures with soft tissue masses or MCs in the two-dimensional
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�2D� mammograms. This compromises its use in the detec-
tion, diagnosis, and staging of breast cancer.2 It was reported
that up to 15% of breast cancer are not identified with mam-
mography and approximately 70%–90% of mammograms
deemed to be suspicious of cancers are eventually found to
be negative.3,4

Breast tomosynthesis, which takes multiple x-ray images
of the breast from many angles, can provide 3D images of
the breast via reconstruction.5,6 The resolution in the horizon-
tal plane �perpendicular to x-ray tube to detector direction� is
comparable to that of mammography; however, the reso-
lution in the vertical plane �along x-ray tube to detector di-
rection� is low due to the limited angle. Applying CT to
detect breast cancer is not a new concept, it was introduced
more than 2 decades ago.7 However, little progress was made
due to the limitation of image quality and the exposure of the

x-ray radiation dose. Although computed tomographic mam-
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mography �CTM� was studied in the late 1970s,8–10 this mo-
dality was has been largely dismissed due to concerns about
radiation dose and cost effectiveness. We and other investi-
gators have been studying the feasibility of using a pendant
geometry cone beam CT �CBCT� scanner for breast cancer
imaging.11–13 With the development of pendant geometry
cone beam breast CT, only the breast itself is exposed to the
x rays, preventing unnecessary radiation exposure to other
parts of the body and providing largely isotropic spatial res-
olution 3D images. The visibility of MCs in cone beam
breast CT with a flat panel �FP� detector has been investi-
gated and reported.12,14–16 It was reported that the visibility
of large MCs ��250 �m� increased with increasing mean
glandular dose, while the small MCs ��250 �m� were in-
visible probably due to the limited sensitivity of the FP de-
tector and spatial resolution of the imaging system.14 Surya-
narayanan et al.17 reported that high resolution detector with
low imaging system noise could enhance the detection of
MCs in mammography. Therefore, it is desirable to use high
resolution and high sensitive detector and small size x-ray
focal spot to improve the spatial resolution for detection of
small MCs.

In diagnostic workup or staging, it may not be necessary
to achieve the same high image quality throughout the entire
breast. The radiologist or surgeons may be interested in a
small volume with high image quality. In this situation, it is
desirable to achieve high quality images of the volume of
interest �VOI� without exposing the entire breast to high ra-
diation doses. To solve this problem, we previously proposed
a VOI CBCT technique.18 With this technique, it is possible
to selectively image a VOI with high image quality, reduced
scatter effect, and lowered radiation dose both inside and
outside the VOI. However, the detectability of the small MCs
inside the VOI would still be limited by the spatial resolution
of the FP detector. The potential for utilizing charge-coupled
device �CCD�-based detectors for small-field digital mam-
mography has been previously investigated.19–21 It was found
that the CCD detector could provide a spatial resolution
closer to that of screen film mammography. Therefore, the
CCD detector may help improve the detection and visualiza-
tion of small MCs in CBCT.

Several approaches have been proposed for reconstruction
of truncated fan beam or cone beam images;22–27 however,
these methods could not provide general solutions to all trun-
cation patterns. In the works of Cho et al.22 and Zou et al.,24

their method works quite well for the truncation data close to
peripheral region of interest �ROI� but is subject to artifacts
for data truncation in all projection views. Clackdoyle et al.25

and Pack et al.26 suggested that iterative methods could pos-
sibly reconstruct larger ROI, but there was no evidence
showing that their methods can deal with small ROI and
different truncation situations.

As discussed in the previous paper,18 image reconstruc-
tion for the VOI still requires the use of projection data out-
side the VOI. To pad the truncated space outside the VOI,
low resolution and low dose CBCT data maybe reprojected

to provide projection data with same pixel size as high res-
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olution CCD detector. We investigated the feasibility of us-
ing the high resolution and high exposure VOI projection
data in conjunction with limited height, full width projection
data acquired at low resolution, and low exposure to recon-
struct high resolution CBCT images for the VOI. Patel et
al.28 used similar approach to implement their ROI cone
beam CT technique for neuroangiography.

There are two potential approaches to implement the dual
resolution CBCT technique. One is to center the breast with
the rotating axis and to move the VOI mask to track the VOI.
The other is to center the VOI with the rotating axis, thus the
position of the VOI mask is fixed during the scan. These two
approaches were investigated and evaluated in terms of dose
saving and scatter reduction at the detector with Monte Carlo
simulation using GEANT4 package.

In this study, we investigated the feasibility of a dual res-
olution VOI CBCT technique and compared two implemen-
tation approaches in terms of dose saving and scatter reduc-
tion.

II. MATERIALS AND METHODS

II.A. Dual resolution cone beam CT technique

A schematic drawing for dual resolution CBCT technique
was shown in Fig. 1. With this technique, full field projection
images, acquired with a FP detector, are used to obtain
CBCT images of the entire breast. If a suspicious region
�VOI� in the breast is identified, a VOI mask with an opening
is inserted and positioned between the x-ray source and the
breast to deliver x-ray exposure to the VOI while collimating
the x rays outside the VOI. A high resolution detector, such
as CCD detector, is used to acquire the projection data of the
VOI only. To fill the truncated space outside the VOI for
reconstruction, full width pseudohigh resolution projection
data are generated by reprojecting the low resolution CBCT
image to match the new imaging geometric magnification
�such as the new position of the breast and different x-ray
source to detector distance�, possible different numbers of
projection views, and smaller pixel size of the high reso-
lution detector. The dual resolution full width projection
data, consisting of true high resolution data inside the VOI
and pseudohigh resolution data outside the VOI, are then
used to reconstruct the high resolution images for the VOI.
The widely used Feldkamp–Davis–Kress �FDK� algorithm is
used for image reconstruction.29

II.B. Benchtop system

We have constructed and used a benchtop experimental
CBCT system to demonstrate the dual resolution CBCT tech-
nique. As shown in Fig. 2, the system consisted of a radio-
graphic x-ray tube �G-1593BI, Varian Medical Systems, Salt
Lake City, UT� with 0.3 mm nominal focal spot size, a FP
detector �FPD14, Anrad Corporation, Saint-Laurent,
Canada�, a high resolution CCD camera-based detector
�C4742-56-12ER, Hamamatsu Corporation, Hamamatsu
City, Japan�, and a step motor driven rotating table to hold

and rotate the object. The low resolution FP detector was a
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1 mm thick amorphous selenium �a-Se�-based direct conver-
sion digital detector with a pixel size of 150 �m and a bit
depth of 12. The detector was designed for radiographic/
fluoroscopic imaging, featuring a detector size of 33.6
�34.2 cm2, sufficient to cover the entire breast. The active
area of the detector was divided into a 2304�2304 array of
image elements. The high resolution detector was a digital
CCD camera-based detector with an active area of 3.2
�2.4 cm2. The CCD used has an intrinsic pixel size of
6.45 �m. A fiber optic taper was used to couple the CCDs to
a scintillator �GdO2S:Tb�, which converts incident x rays
into light photons. The light photons were directed to the
CCD detector via a fiber optic taper with a magnification
ratio of 3.7:1, resulted in an effective pixel size of 24 �m.
Finally, the CCD converts the light photons into 12 bit digi-
tal data, which were transmitted to and processed by a com-
puter. The CCD detector was operated in a 2�2 pixel bin-
ning mode to provide a detector matrix size of 672
�512 pixels with an effective pixel size of 48 �m. The

FIG. 1. Schematic diagram fo

FIG. 2. Photograph of the experimental setup for FP-CCD based dual reso-

lution CBCT.
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x-ray source to rotational axis distance �SCD� was 88 cm.
The x-ray source to CCD detector and Anrad FP detector
distances �SIDs� were 102 and 135 cm, respectively. A lead
mask with a rectangular opening was made for delivering
x-ray exposure to the VOI while blocking unnecessary x-ray
photons outside the VOI. The mask with 1.5 cm opening was
then placed 66 cm away from the x-ray source. The center of
the VOI mask opening was aligned with the rotating axis to
generate a 2.0 cm diameter cylindrical VOI at the rotating
center. The CCD detector and VOI mask were mounted on a
translational stage to simultaneously move in and out of the
field of view for high and low resolution image acquisition,
respectively. The system configuration is shown in Table I.
All experiments were performed at 80 kVp with continuous
x-ray exposure. The HVL of the 80 kVp x-ray spectra is
3.08 mm AL.

l resolution CBCT technique.

TABLE I. Parameters of FP-CCD-based dual resolution CBCT system.

Parameters Low resolution detector High resolution detector

Manufacturer Anrad Corporation,
Saint-Laurent, Canada

Hamamatsu Corporation,
Hamamatsu city, Japan

Model FPD14 digital detector C4742-56-12ER
digital CCD camera

detector
X-ray absorber a-Se GdO2S:Tb
Active area 33.6�34.2 cm2 3.2�2.4 cm2

Intrinsic pixel size 150 �m 6.45 �m
Effective pixel size 150 �m 24 /48 �m
Matrix size 2304�2304 1344�1024 /672�512
SCD 88 cm 88 cm
SDD 135 cm 102 cm
Magnification 1.53 1.16
Voxel size 98 �m 41 �m
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II.C. Breast phantom

A 13 cm diameter paraffin cylinder was used to simulate
the breast.30 Paraffin, which emulates fat in x-ray attenua-
tion, was used for its ease of use in fabricating the phantom.
Two 1.5 cm diameter holes were drilled at the center �inside
the VOI� and near the edge �outside the VOI� to hold the
paraffin rods containing simulated microcalcifications. The
center-to-center distance between the holes was 4.5 cm. Five
groups of calcium carbonate grains �Computerized Imaging
Reference Systems, Norfolk, VA�, ranging in size from
160–180 to 200–212 �m, were used to simulate MCs. Each
MC group was arranged to form a 5�5 cluster and embed-
ded into a 1.5 cm diameter paraffin rod, which was inserted
into the holes in the breast phantom for imaging. The layout
and photograph of the breast phantom were illustrated in Fig.
3. The CBCT images of the 5�5 cluster calcifications inside
the 1.5 cm diameter paraffin rods were shown in Fig. 4.

II.D. Full width projection data outside the
VOI

The reprojection algorithm used was developed by our
group for modeling the imaged object with CT data for im-
age simulation.31 It computes the line integrals of the object
attenuation along the x-ray path with pixel-driven
approach.32,33 The process consisted of positioning the x-ray
source and detector around the object, passing cone beam x
rays through the object, and collecting the attenuated x-ray
projection data at the detector.

The algorithm for computing the reprojection of a 3D
volume may be summarized as follows:

�1� Build an imaging system with x-ray source, 3D object,
and detector.

�2� Convert CT number of the 3D object to corresponding

(a) (b)

13 cm

1.5 cm

FIG. 3. �a� Geometric configuration of a wax cylinder with two wax rods
inserted at the center and close to the edge. �b� Picture of the breast
phantom.
linear attenuation coefficient with the equation,

Medical Physics, Vol. 36, No. 9, September 2009
�tissue =
CTnumber � �water

1000
+ �water,

where CTnumber, �tissue, and �water represent the voxel
value of the CT image, the linear attenuation coeffi-
cients of the breast phantom and water, respectively.
In this study, �water=0.2328 cm−1.

�3� Set geometry parameters such as SCD, SID, and rotating
center.

�4� Vary and set the position for the focal spot or the rotat-
ing angle.

�5� Determine the x-ray path from the x-ray point source to
the center of a detector pixel cell.

�6� Determine the x-ray entry and exit points for the object.
�7� Compute the line integral from the entry point to the exit

point, with the equation,

I = I0 exp�− � �tissue�i, j,k�� ,

where �i , j ,k� represents the voxel that the x-ray passed;
I0 represents the intensity of the x-ray emitted from the
x-ray source. The line integral was carried out with step
size of 29.4 �m.

�8� Repeat procedures �5�–�7� for all the rays �specified by
the row and column numbers of the detector pixels� in a
projection geometry.

�9� Repeat procedures �4�–�8� for all the projection views
for a 360° scan.

II.E. Construction of dual resolution image

To demonstrate the dual resolution CBCT scanning tech-
nique, the breast phantom with two MC rods inserted at the
center �inside the VOI� and near the edge �outside the VOI�
of the cylinder was imaged with the Anrad FP detector. The
3D low resolution CBCT images of the entire breast phan-
tom were first reconstructed with the FDK algorithm. The
VOI mask and CCD detector were then moved into the field
of view to collect the high resolution projection images of
the VOI. Ray-tracing reprojection method was used to com-
pute the projection data of the breast phantom with geometry
parameters the same as those of CCD-based CBCT scan. The
projection data were sampled with the same pitch as those of
the CCD detector. Prior to the reprojection process, the re-
constructed breast phantom image was carefully aligned to
the same orientation as that of the VOI scan by shifting the

(1) (2) (3) (4)

FIG. 4. Sequential slices images of a 1.5 cm diameter paraffin rod embedded
with 5�5 160–180 �m calcifications. The CBCT images were obtained
with CCD camera-based CBCT system.
rotating angle. The projection data inside the VOI were re-
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placed with the measured high resolution CCD projection
data angle by angle. The measured high resolution data of
the VOI, combined with the reprojection pseudohigh reso-
lution data outside the VOI, can be used to reconstruct the
dual resolution CBCT images with the FDK algorithm. Note
that the I0 in step 7 of the reprojection procedure should be
carefully selected to match the intensity inside the VOI.

II.F. Monte Carlo calculation

Two approaches can be used to implement VOI scanning
for dual resolution CBCT. One is to center the breast on the
rotating axis and then move the VOI mask to track the VOI
�Fig. 5�a��. The other is to align the VOI with the rotating
axis so that the position of the VOI mask can be kept fixed
during the scan �Fig. 5�b��. We performed Monte Carlo simu-
lation using the GEANT4 �geometry and tracking� package34

to evaluate and compare the breast-centered and VOI-
centered approaches in terms of dose saving and scatter re-
duction. GEANT4 is a set of C�� libraries that provide the
functionality necessary to perform Monte Carlo simulations
of photons or other particles traveling through matter. In our
simulation, the breast was modeled as a 13 cm diameter,
10 cm high cylinder of 100% fatty breast with a 2.0 cm di-
ameter spherical VOI 5.0 cm away from the breast center in
the radial direction. The compositions of the glandular and
adipose tissues were defined as described by Hammerstein et
al..35 Twelve 0.5 cm diameter, 0.5 cm high �equal to the size
of TLD� cylinders, with 0.51 cm interval, were defined along
the radial direction to accumulate the radiation energy depos-
ited in their volumes. The physics processes considered in-
cluded the photoelectric effect, Compton scattering, and
Rayleigh scattering.

In our simulation, the x-ray source and detector were as-
sumed to be stationary, while the breast phantom rotated
around the rotating axis. This is equivalent to the x-ray
source and detector rotating around the breast in terms of
dose and scatter estimation. To simulate the breast-centered
approach, the central axis of the breast phantom was aligned
with the rotating axis of the CBCT system. A 5 mm thick
lead VOI mask with an opening was assumed to be located
between the x-ray source and the breast phantom. To simu-
late the CBCT scan, the breast phantom was rotated for vari-
ous projection views and the position of the VOI mask was
recalculated to track the VOI for each view. To simulate the
VOI-centered approach, the center of the VOI was assumed

(a) (b)

FIG. 5. �a� Top view of the breast-centered and �b� VOI-centered VOI scan-
ning techniques.
to be on the imaging axis and aligned with the rotating axis.
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The VOI mask was assumed to be stationary with its opening
centered around the imaging axis. The breast phantom was
assumed to rotate around the VOI center during the scan. 36
projection views were calculated with 10° interval. 107

55 keV �effective voltage of 80 kVp� x rays were tracked to
simulate CBCT for each projection view.

The energy deposited by any photon interaction that took
place in the breast phantom was accumulated and recorded
as dose absorbed. The detector was modeled as a 1.0 mm
thick selenium-based x-ray absorber divided into
5�5 mm2 pixels. The input energy of x rays at the detector
was tallied separately for primary and scattered x rays and
integrated as the primary and scatter image signals.

III. RESULTS

III.A. Experimental demonstration with calcification
phantom

Figure 6 shows the FP and dual resolution CBCT images
of the VOI �MC rod� at the center of the breast phantom
�inside the VOI�. The FP images were obtained with
0.9 mA s/frame and 300 projection views �corresponding ra-
diation dose of full field cone beam CT was 1.26 rad at the
center of the breast�. The MCs were invisible in FP CBCT
images, as shown in Fig. 6�a���1�–�4��. They became visible
in the dual resolution CBCT images. Dual resolution CBCT
images in Fig. 6�b���1�–�4�� and Fig. 6�c���1�–�4�� were ob-
tained with 5.8 mA s/frame and 300 projection views
5.8 mA s/frame and 600 projection views. The correspond-
ing radiation doses of full field cone beam CT were 8.3 and
16.6 rad at the center of the breast, respectively. The doses
reported here represented the absorbed doses in 12 0.5 cm
diameter, 0.5 cm high cylindrical volumes, respectively,
which is different from the average glandular dose in mam-

(a1) (a2) (a3) (a4)

(b1) (b2) (b3) (b4)

(c1) (c2) (c3) (c4)

FIG. 6. �a� ��1�–�4�� Sequential FP CBCT images of 160–180 �m MCs
obtained with 0.9 mA s and 300 projection views; �b� ��1�–�4�� dual reso-
lution CBCT images with 5.8 mA s and 300 projection views; �c� ��1�–�4��
dual resolution CBCT images with 5.8 mA s and 600 projection views. The
display WW/WL is 800 /−100.
mography. About 39% and 83% of MCs could be detected in
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Fig. 6�b���1�–�4�� and Fig. 6�c���1�–�4��, respectively. Note
that 600 views of CCD projection images were combined
with the same number of the reprojection images to achieve
600 dual resolution projection images for reconstruction. The
images in Fig. 6�b���1�–�4�� and Fig. 6�c���1�–�4�� appeared
more noisier than those in Fig. 6�a���1�–�4�� due to high
noise level of the small pixel size CCD detector.

III.B. Comparison of breast-centered and
VOI-centered approaches: Dose saving

Figure 7 shows the radiation dose distributions as the
function of radial distance �from the breast center to edge� in
the breast phantom. Three plots represent the dose distribu-
tions of the breast-centered VOI approach, the VOI-centered
VOI approach, and the breast-centered full field scan, respec-
tively. It is found that both approaches significantly reduced
the breast dose inside as well as outside the VOI. The doses
inside the VOI were reduced by factors of 1.6 and 2.1 for
VOI-centered and breast-centered approaches, respectively.
As the distance from the VOI center increases, the dose re-
duction factor outside the VOI increased significantly from
2.8 to 21.1 for the breast-centered approach and from 2.0 to
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FIG. 7. Dose profile along a radial line through the VOI center. The dashed
line indicates the boundary of the VOI.
11.3 for the VOI-centered approach.
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III.C. Comparison of breast-centered and VOI-
centered approaches: Scatter reduction

In Fig. 8, the scatter-to-primary ratios �SPRs� at the center
of the VOI are plotted as a function of the view angle. The
view angle ranged from 0° with the VOI closest to the x-ray
tube to 180° with the VOI closest to the detector. It was
found that in the full field image, the SPRs near 90° were
lower than other views. The SPRs of both VOI approaches
were substantially reduced and varied little with the view
angle.

IV. DISCUSSION

Our preliminary studies have demonstrated that the dual
resolution CBCT technique can potentially be used to image
small calcifications in a preselected VOI while reducing the
dose both inside and outside the VOI.

The 160–180 �m MCs in the breast phantom could not
be detected in the FP CBCT images, examples of which are
shown in Fig. 6�a���1�–�4��. The limited visibility may be
due to the low spatial resolution and low achievable expo-
sure level of the FP-based CBCT. The same group of MCs
could be detected in the FP-CCD-based dual resolution
CBCT images, examples of which are shown in Fig.
6�b���1�–�4�� and Fig. 6�c���1�–�4��. This indicated that the
low resolution and low dose projection data outside the VOI
had little effect on the quality of the reconstructed image
inside the VOI. The detectability of MCs was improved from
39% to 83% with increased number of projection views.

In this experiment, the reprojection method was adopted
to generate projection data outside the VOI instead of the
interpolation approach for several reasons. First of all, the
angular position and the number of the projection views in
the high resolution VOI scan may be different from those in
the low resolution full field scan. The flexibility of reprojec-
tion can be used to match the number and angular position of
the projection view and allow the low and high resolution
projections to be combined with accuracy. Secondly, since

0
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0.2

0.3

0.4

0.5

0.6

0 20 40 60 80 100 120 140 160 180
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FIG. 8. SPR at the projected VOI center versus view angle. 0° and 180°
correspond to the view with the VOI closest to the x-ray focal spot and the
detector, respectively.
the imaging geometry, including the orientation and positions
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of x-ray source, object, and detector could be modified to
match with the experimental conditions of the VOI scan
prior to the reprojection process, it may eliminate the need to
do another scan even if those factors are different from the
FP CBCT.

The VOI mask blocked the x-ray exposure in the region
outside the VOI and reduced the scatter components both
inside and outside the VOI, as shown in Fig. 8. This resulted
in a significantly lowered breast dose both inside and outside
the VOI, as shown in Fig. 7. This indicated that better image
quality can be achieved with dual resolution scanning tech-
nique due to scatter reduction while substantially reducing
dose both inside and outside the VOI.

The primary signals increased while the rotating angle
increased from 0° to 90° due to decreasing x-ray penetration.
Although more scatter interactions might happen close to 0°
rotating angle projection, it was relatively difficult for scat-
tered x rays to reach the detector due to longer x-ray path.
This might result in no noticeable angular dependence of
SPR with the VOI mask in Fig. 8.

The breast-centered approach has the advantages of being
able to use the same imaging geometry as in full field scan.
This greatly simplifies the task of combining the VOI scan
data with the full field scan data prior to reconstruction.
However, the disadvantage is that the VOI would appear at
different locations and with variable sizes in the projection
images as the view angle varies. Thus, a moving VOI mask
and a moving high resolution detector are required to track
and cover the VOI that moves in the projection images from
one view angle to the next. This capability is currently being
developed in our laboratory and demonstrated with a bench-
top experimental system. The VOI-centered approach, on the
contrary, has the advantage that the VOI stays stationary dur-
ing the scan and therefore a stationary VOI mast can be used,
eliminating the need to use a complex system involving the
use of a moving VOI mask and a moving high resolution
detector. The disadvantage, however, is the complexity in
combining the full field scan data with the VOI scan data,
which are acquired with the breast-centered geometry and
the VOI-centered geometry, respectively.

There may also be differences in the breast dose and scat-
ter signals with these two approaches. This has been inves-
tigated with Monte Carlo simulation in this study.

V. CONCLUSION

In this study, we investigated the feasibility of using the
dual resolution CBCT technique to achieve high resolution
CBCT images for preselected VOI. The detectability of the
MCs inside the VOI was found to be improved with a FP-
CCD detector-based CBCT system. With this technique, it is
possible to selectively image a VOI with reduced breast dose
and scatter effect. It was also found that the breast-centered
VOI approach maybe preferred due to more dose saving.
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